Introduction
Paramagnetic metal dithiolene complexes 1 are currently extensively investigated for their conducting and magnetic properties, complexes. 4, 5 The electronic properties of these ''simple'' salts are essentially controlled by the overlapping interactions between radical species. Weak interactions favour the observation of localized magnetic states (dimers, spin chains, spin ladders, . . .) while stronger interactions might allow the formation of conduction bands 2a and associated metallic behavior of the conductivity. Paramagnetic dithiolene complexes can also be considered as elementary building blocks for more elaborated architectures where they would play the role of a metallo-ligand toward other metallic centers, 6, 7 provided that they bear substituents adapted for further outer coordination, essentially through the lone pairs of nitrogen (nitrile and pyridine functions) or oxygen (ether and carbonyl functions) atoms. For Other examples of nitrogen coordination can be also found in fused pyrazine 13 or in 4-pyridyl derivatives. 14 Complexes with oxygen-based coordinating functions are essentially limited to the chelating dithiooxalate (dto) 6 and dithiosquarate (dts) ligands. Because of the strong electron-withdrawing nature of the carbonyl groups, both ligands only stabilize the most reduced dianionic forms of the dithiolene complexes, for example the diamagnetic [Ni(dto) À species. This attractive approach was also extended to the corresponding tetrathiafulvalene derivatives, 19, 20 showing also notable electrochemical anodic shifts of the oxidation potentials upon alkaline cation coordination. 21 However, the coordination ability of these crown ether derivatives has been strictly restricted up to now to alkaline cations: other, eventually paramagnetic, metal cations were never considered. This is all the more unfortunate that these dithiolene complexes can be isolated into various paramagnetic states, with a spin density largely delocalized on the dithiolate ligands while the ether functionalities of the crown ether substituents would be particularly adapted to the coordination of oxophilic metal centres.
We describe here our first results along this line with the synthesis of the crown-ether substituted paramagnetic complex abbreviated as [ 1À (+0.13 V) gives an explanation for its experimentally observed easy oxidation to the neutral complex. Na[Ni(S 2 O 4 ) 2 ] crystallizes in the monoclinic system, space group C2/c with the Ni atom on an inversion centre while the Na ion lies on a two-fold axis. As shown in Fig. 3 , the Na + cation is coordinated by six oxygen atoms from two Scheme 1 Crown-ether dithiolene complexes and their acronyms.
Results and discussion
Scheme 2 Synthesis of nickel complexes. neighbouring dithiolene complexes, with NaÁ Á ÁO distances of 2.463(4), 2.523(6) and 2.4651(4) Å with O1, O2 and O3 respectively, giving rise to coordination chains running along a + c, and demonstrating that the crown ether functions can effectively act as secondary ligands in these dithiolene complexes. The NaÁ Á ÁO distances are particularly short when compared with those observed for example in [(18-crown-6)Na + ] derivatives where they are usually found around 2.50-2.90 Å . An interesting comparison can also be made with the only structurally reported analog incorporating two sulfur atoms, shown in Fig. 4 , where the eight-coordinated Na + cation is sandwiched between two dithiatetraoxa crown molecules. 22 In this salt, the NaÁ Á ÁO distances are even longer, between 2.85 and 3.11 Å .
Intramolecular Because of its limited solubility, EPR spectra of the sodium salt in solution could be obtained only from DMF solutions with added CH 2 Cl 2 . At room temperature, a single Lorentzian line is observed with g = 2.055 and a 9.1 G linewidth. In frozen solution (Fig. 5) , a rhombic pattern is found with g max = 2.102, g int = 2.040 and g min = 2.001, comparable to those described for [Ni(mnt) 29 The powder spectrum of Na[Ni(S 2 O 4 ) 2 ] shows an axial symmetry with g > = 2.071 and g // = 2.044. In the solid state, the radical complexes are fully isolated from each other and the shortest intermolecular SÁ Á ÁS distances exceed 4.88 Å . This is also confirmed by the temperature dependence of the magnetic susceptibility, which follows a Curie law in the whole temperature range.
As . The latter was found to crystallize in the triclinic system, space group P % 1 with the nickel atom on the inversion centre (Fig. 6 ). Intramolecular bond distance within the NiS 2 C 2 metallacycle ( 
Fig. 4
The structurally characterized Na + salt of a dithia-tetraoxa crown.
22 À radical anion complexes with S = 1 2 , also taking into consideration that the Ni 2+ occupancy is only 50%. Temperature dependence of the magnetic susceptibility for a trimolecular (Ni 2+ )[Ni(S 2 O 4 ) 2 ] 2 formulation, reported here as the w Â T product, is given in Fig. 8 . We note that the room temperature value of w Â T does not exceed 1.0 cm 3 K mol
À1
, while a total value of 1.75 = 1 (for the Ni 2+ ) + 2 Â 0.375 (for the dithiolene complexes) would have been expected, considering a g = 2 value for both magnetic species, in the absence of any antiferromagnetic interactions.
Closer inspection of the crystal structure gives a rationale for this unexpected behaviour. As shown in Fig. 7 , we note the presence of an extremely short intermolecular SÁ Á ÁS contact between the radical dithiolene complexes with S4Á Á ÁS4 i at 3.332(2) Å (i: 2 À x, y, 1.5 À z). This intermolecular distance should be compared to the sulfurÁ Á Ásulfur van der Waals contact distance at 3.70 Å . Furthermore, while the spin density in most radical nickel bis(dithiolene) complexes is essentially delocalized on the Ni(S 2 C 2 ) 2 core, complexes with thioether (-SR) substituents are well known to allow a sizeable fraction of the spin density to delocalize on the outer sulfur atoms such as atom S4 in [Ni(S 2 
. 2a The overlap associated with the S4Á Á ÁS4 i intermolecular interaction is therefore at the origin of a strong antiferromagnetic interaction between the radical dithiolene complexes, which would then form a uniform chain of spins running along the c axis, independently from the Ni 2+ cations. Accordingly, a tentative fit of the w Â T product was performed (see Fig. 8 À and Ni 2+ illustrates however that this attractive approach is always in competition with direct antiferromagnetic interactions between the dithiolene complexes. This work is currently being extended to trivalent metal cations such as rare-earth cations as well as to smaller crown-ether moieties. 
Experimental
All manipulations were performed under argon by use of Schlenk techniques. Solvents (MeOH, DMF and Et 2 O) were distilled prior to use and degassed with argon.
Synthesis of the dithiocarbonate (S 2 O 4 )CQ Q QO
A 100 mL round bottom flask containing acetic acid (20 mL) and chloroform (7 mL) was charged with (S 2 O 4 )CQS 19b (0.470 g, 1.17 mmol) and Hg(OAc) 2 (0.820 g, 2.57 mmol). The reaction mixture was refluxed for 2 h. After cooling to room temperature, the reaction mixture was filtered through Celite s and the filtrate evaporated on the rotary evaporator. The residue was taken up in chloroform, filtered and the filtrate was concentrated, leaving an orange oil, purified by column chromatography (Silica, eluent: CH 2 Cl 2 /acetone 5 : 1 vv, R f = 0.88). After concentrating the second yellow band eluted from the column, the product crystallized in the form of yellow needles (0.276 g, 61%). Mp 71-72 1C. 
Synthesis of Na[Ni(S 2 O 4 ) 2 ]
A Schlenk tube was charged with MeOH (5 mL) and sodium (0.010 g) for the in situ preparation on NaOMe. After the complete dissolution of Na, (S 2 O 4 )QO (0.085 g, 0.22 mmol) was added and the solution stirred for 1 h. Addition of NiCl 2 Á6H 2 O (0.026 g, 0.11 mmol) to the yellow solution yields a brown precipitate. The reaction was left for stirring for another hour. It was then filtered and the brown solid was dissolved in DMF, filtered and set to crystallize by Et 2 O vapor diffusion. X-Ray diffraction quality single crystals were obtained after one week (0.07 g, 70%). Elem. Anal. Cald. for C 24 ).
X-Ray diffraction studies
Single crystals were mounted on the top of a thin glass fiber. Data were collected on a Nonius KappaCCD diffractometer at room temperature with graphite-monochromated Mo-Ka radiation (l = 0.71073 Å ). Structures were solved by direct methods (SHELXS-97) and refined (SHELXL-97) by full-matrix least-squares methods, 34 as implemented in the WinGX software package. 35 Absorption corrections were applied. Hydrogen atoms were introduced at calculated positions (riding model), included in structure factor calculations, and not refined. Crystallographic data are summarized in Table 2 .
Magnetic properties
The magnetic susceptibility measurements were obtained from a Quantum Design SQUID magnetometer MPMS-XL. This magnetometer works between 1.8 and 400 K for dc applied fields ranging from À5 to 5 T. Measurements were performed on polycrystalline samples of Na[Ni(S 2 O 4 ) 2 ] (5.7 mg) and (Ni,H 2 O)[Ni(S 2 O 4 ) 2 ] (14 mg). The magnetic data were corrected for the sample holder and the diamagnetic contributions. EPR spectra were obtained either on a X-band Bruker EMX-8/2.7 spectrometer equipped with a liquid nitrogen cooling system. Simulations were performed with Bruker WinEPR Symphonia.
